e e bt DX

5!
% PRl

AR

i

Pt. 430, Subpt. B, App. E

3.2.6. Time Constant The time constant
of the instruments used to measure the
inlet and outlet water temperatures shall be
no greater than 5 seconds.

3.3 Liquid Flow Measurements. The accu-
racy of the liquid flow rate measurement.
using the calibration if furnished, shall be
equal to or less than *= 1% of the measured
value in mass units per unit time.

3.4. Electric Energy. The electrical energy
used shall be measured with an instrument
and associated readout device that are accu-
rate within = 1% of the reading.

3.5. Fossil Fuels. The quantity of fuel used
by the water heater shall be measured with
an instrument and associated readout device
that is accurate within = 1% of the reading.

3.6. Mass Measurements. Mass measure-
ments shall be made measured with instru-
ments that are accurate within = 1% of the
reading or 0.1 ibm. whichever is greater.

3.7. Hecting Value. The higher heating
value of the natural gas. propane, or fuel oil
shall be messured with an instrument and
associated readout device that is accurate
within = 1% of the reading. The heating
value of natural gas and propane must be
corrected for local temperature and pres-
sure conditions.

3.8. Time. The elapsed time measurements
shall be measured with an instrument that
is accurate within = 0.5 seconds per hour.

4. Installation

4.1. Water Heating Mounting. A water
heater designed to be {ree standing shall be
installed according to the manufacturer’s di-
rections on a ¥ inch thick plywood platform
supported by three 2 x 4 inch runners. If
the water heater is not approved for instal-
lation on combustible flooring. suitable non-
combustible material shall be placed be-
tween it and the platform. For heat pump
water heaters without a storage tank sup-
plied by the manufacturer. connections
shall be made with a storage tank as de-
scribed in section 4.9.3 and in accordance
with manufacturer-published instaliation
instructions. The storage tank and heat
pump section shall be placed on platform(s)
constructed as previously described. 1f in-
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stallation materials are not provided by the
heat pump manufacturer, use uninsulated 8
foot long connecting hoses, having an inside
diameter of % inch. Wall mounted water
heaters shall be installed in accordance with
manufacturer-published installation instruc-
tions on a simulated wall section made from
% inch plywood and 2 x 4 inch studs. Place-
ment in the test room shall be in an area
protected from drafts.

4.2. Water Supply. The water supply shall
be capable of delivering water at conditions
as specified in section 2.

4.3. Water Inlet and Outlet Configuration
Inlet and outlet piping connections shall be
configured as illustrated in Figures 1, 2, or 3
except a water heater 36 inches high or less,
(commonly referred to as an under counter
or table top model) intended for installation

either beneath. adjacent to or in conjunc- -

tion with a counter shall have the inlet and
outlet connections configured as {llustrated
in Figures 4a and 4b. Type “L" hard copper

tubing. the same size as the connections on -

the water heater shall be connected to the
tank and extend 24 inches in length. If a
water heater 36 inches high or less is not
factory equipped with pipe to extend the
field connection point of the water heater
lines to outside of the jacket or cabinet,
type “L” hard copper tubing shall be used
to extend the water line horizontally to the
exterior of the jacket or cabinet. Unions
may be utilized to facilitate installation and
removal of the piping arrangements. A pres-
sure gauge and diaphragm expansion tank
shall be installed in the supply water piping
at a location upstream of the 24 inch cold
water inlet pipe. An appropriately rated
pressure and temperature relie{ valve shall
be installed on all water heaters at the port
specified by the manufacturer. Discharge
piping for the relief valve shall be non-me-

tallic. If heat traps and/or piping insulation .
- and/or pressure relief valve insulation are

supplied with the water heater, then they
shall be installed for testing. Clearance
shall be provided such that none of the
piping contacts other surfaces in the test
room.
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4.4. Fuel and/or Electrical Power and
Energy Consumption. Install one or more

'_ _instruments which measure, as appropriate,
- the quantity and rate of electrical energy

and/or fossil fuel consumption in acccrd-
ance with section 3.

4.5. Internal Storage Tank Temperature
Measurements. Install six temperature
measurement sensors inside the water
heater tank with a vertical distance of at
least four inches between successive sensors.
A temperature sensor shall be positioned at
the vertical midpoint of each of the six
equal volume nodes with the tank. Nodes
designate the equal volumes used to evenly
partition the total volume of the tank. As
much as is possibic, the temperature sensor
should be positioned away from any heating
elements, anodic protective devices, tank
walls. and flue pipe walls. I{ the tank cannot
accommodate six temperature sensors and
meet the installation requirements specified
above. instail the maximum number of sen-
sors which comply with the installation re-
quirements. The temperature sensors shall
be installed either through: (1) The anodic
device opening: (2) the relief valve opening:
or (3) the hot water outlet. If installed
through the rclief valve opening or the hot
water outlet. . tee fitting or outlet piping.
as applicable. shall be installed as close as
possible to its original location. If the hot
water outlet includes a heat trap. the heat
trap shall be installed on top of the tee fit-
ting. Added [ittings shall be covered with
thermal insulation having an R value of 4
hr.{t2"F/Btu.

4.6. Ambient Temperature. The ambient
air temperature shall be measured approxi-
mately at the vertical mid-point of the
heater and approximately 2 feet from the
surface of the water heater. The sensor
shall be shielded against radiation.

4.7. Inlet and Qutlet Waler Temperaliure
Measurements. Install temperature sensors
in the cold-water inlet pipe and hot-water
outlet pipe as shown in Figures 1, 2, or 3, as
applicabie.

4.8. Flouw Control. A flow control valve
shall be installed to provide flow as speci-
{ied within section 5. ‘

4.9. Flue Requirements.

49.1. O1l-Fired Water Heaters. Establish a
draft at the {lue collar as specified in the
manufacturer's literature. Establish the
draft by using a sufficient length of vent
pipe connected to the water heater flue
outlet and directed verticaily upward. For
an oil-fired water heater having a horizon-
tally discharging draft hood outiet. a 90
degree elbow having a diameter equal to the
largest flue collar size of the draft hood
shall be connected to the draft hood outlet.
A length of vent pipe sufficient to establish
the draft shall be connected to the elbow
fitting and oriented to discharge vertically
upward. Direct vent oil-fired water heaters
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should be installed with venting equipment
as specified in the manufacturer's instruc-
tions, using the minimum vertical and hori-
zontal lengths of vent pipe recommended by
the manufacturer.

4.9.2. Gas-Fired Water Heaters. Establish a
natural draft in the following manner. For
gas-fired water heaters having a vertically
discharging draft hood outlet, a 5 foot verti-
cal vent pipe extension having a diameter
equal to the largest {lue collar size of the
draft hood shall be connected to the draft
hood outlet. FPor gas-fired water heaters
having a horizontally discharging draft
hood outlet, a 80 degree elbow having a di-
ameter equal to the largest flue collar size
of the draft hood shall be connected to the
draft hood outlet. A § foot length of vent
pipe shall be connected to the elbow and
oriented to discharge vertically upward.

Direct vent gas-fired water heaters shall
be installed wth venting equipment speci-
fied in the manufacturer's instructions
using the minimum vertical and horizontal
lengths of vent pipe recommended by the
manufacturer.

4.9.3. Heat Pump Water Heater Storage
Tank. The tank to be used for testing a heat
pump water heater without a tank supplied
by the manufacturer shall be an electric
storage type water heater having a volume
of 47.0 gallons = 1 gallon with an Energy
Factor of 0.87 + .0l as determined in ac-
cordance with section 6.1.7 with two 4.5 kW
heating elements controlled in such a
manner as to prevent both elements from
operating simultaneously.

5. Test Procedures

5.1. Storage Tank and Heat Pump Walter
Heaters.

5.1.1. Determination of Slorage Tank
Volume. Determine the storage capacity. V,,.
of the water heater under test. in gallons.
by subtracting the tare weight—measured
while the tank is empty—from the gross
weight of the storage tank completely filled
with water with all air eliminated and line
pressure applied as described in section 2.5.
and dividing the resulting net weight by the
density of water at the appropriate temper-
ature.

5.1.2. Setting the Thermostat for a Ther-
mostatically Operated Water Heater. Start-
ing with a tank of supply water, initiate
normal operation of the water heater. After
cutout, observe the mean tank temperature
(based on the six temperature sensors)
every minute until the maximum value is
observed. Determine whether this maxi-
mum value of the mnean tank temperature is
within the range of 135°F =5°F. If not. turn
off the water heater, adjust the thermostat,
and refill the tank with supply water. Then,
initiate normal operation of the water
heater. and once again determine the maxi-
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mum mean tank temperature after cut-out.
Repeat this sequence until the maximum
mean tank temperature afler cut-out is
within the range of 135°F +5°F. If a water
heater has two thermostats, the thermostat
which controis the upper heating element
shall be set first to yield a maximum water
temperature of 135"F =5°F as measured by

out the duration of each draw. Alternative.
ly. & water meter may be used to directly
measure the volume of water withdrawn.
Record the maximum outlet temperature
which occurs during the draw as Temer- The
withdrawal of water shall continue until the
outlet temperature drops to a value 25°'F
below T.... defined as T.. at which time

>

kP

o

>.age tank temperature is

>w-water heater may be operat:
2"!to three successive cycles of -
- lons per draw, permitting re:
each draw, prior to the sta
Record at this time (designa:
mean tank temperature (T.

Y

the temperature tank sensors above the
upper heating eiement. The thermostat
which controls the lower heating element
shall then be set to yield a maximum mean
tank temperature of 135°F =5°F. For heat
pump water heaters, which control an auxil-
iary resistance element. the thermostat
shall be set in accordance with the manufac-
turer's installation instructions.

5.1.3. Power Input Determination. For all
water heaters except electric types having
immersed heating elements and initiate
normal operation and determine the power
input, P. to the main bumers (including
pilot light power, if any) after 15 minutes of
operation. If the waler heater is equipped
with a gas appliance pressure regulator, the
reguliator outlet pressure shall be set within
=10% of that recommended by the manu-
{acturer. For oil {ired water heaters the fuel
pump pressure shall be within =109 of the
manufacturer’s specified pump pressure. All
burners shall be zdjusted to achieve an
houriy Btu rating that is within =29 of the
value specified by the manufacturer. For an
oil-fired water heater. adjust the burner to
give a CO, reading recommended by the
manufacturer ancd an hourly Btu rating that
is within =2 of that specified by the man-
ufacturer. Smoke in the flue may not
exceed No. 1 smoke as measured by the pro-
cedure in ASTM-D-2156-80. Gas- and oil-
fired water instantaneous water heaters
shall have the burners adjusted to the man-
ufacture’'s maximum firing rate value.

5.1.4. First Hour Rating Test Establish
norma! water heater operation with the
maximum mean tank temperature within
the range specified in section 2.1.4. Begin
the first hour rating test after the thermo-
stat has acted to reduce the electrical power
or fuel input to the water heater and the
maximum storage tank temperature has
been achieved. If the water heater incorpo-
rates a heat-pump. wait until both the heat
pump and electrical heating element(s) have
ceased to supply energy to the storage tank.
Record the time, oil. gas and/or electrical
meter readings as appropriate. Do not inter-
rupt electrical power and/or fuel to the
water heater. The rate of water withdrawal
shall be 3.00=0.25 galions per minute. Draw
and collect water withdrawn from the water
heater in a suitable container for the pur-
pose of determining its weight at the con-
ciusion of the test. During the draw record
the inlet and outlet fluid temperature be-
ginning 15 seconds after the start and at
every subsequent 5 second interval through-
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the draw shall be terminated. Record the
average outlet temperature and mass re-
moved as T,,, and M,, respectively. If the
thermostat acts to reduce the supply of fuel
to the main burner or electrieal input to the
upper heating element of x muitiple ele-
ment electric water heater, or electrical
input to a water heater having a single ele-
ment or multipie elements which operate si-
multaneously, before one hour has elapsed,
initiate a second draw. During the draw
record the outlet fluid temperatures begin-
ning 15 seconds after initiating the draw
and at every subsequent 5 second interval
throughout the duration of each draw until
the outiet temperature drops to T.,.. at
which time the draw is terminated. Record
the average outlet temperatures as well as
the mass removed. Continue this sequence
of events until one hour has elapsed. If a
draw is currently taking place. continue the
draw until the outlet temperature reaches
Tm. and record the elasped time between
the previously recorded time. at the begin-
ning of the first draw, and the termination
of this final draw as .,, If a draw is not
taking place at the end of one hour, wait
until the thermostat acts to reduce the
supply of fuel to the main burner or electri-
cal input to the upper heating element of a
mulitiple element electric water heater. or
electrical input to a water heater having a
single element or muiltiple elements which
operate simultaneously. to initiate the final
draw. During the final draw, record the
outlet fluid temperature beginning 15 sec-
onds after initiating the draw and at every
subsequent 5 second intervals throughout
the duration of the draw until the outlet
temperature drops to T,... at which time
the draw is terminated. Record the elasped
time between the previously recorded time,
at the beginning of the first draw, and the
termination of the f{inal draw as .., In
either case, record the outlet temperatures
and the mass removed during the final
draw.

5.1.5. 24 Hour Simulated Use Test. During
the simulated use test, a total of 64.3 gallons
are removed. With the water heater turned
off. {ill the water heater with supply water
and apply pressure as described in section
2.1.5. Turn on the water heater and associ-
ated heat pump unit, if present. Walt until
cutout occurs at 135°F =5"P, as specified in
section 2.1.4. After the cutout occurs, meas-
ure the mean tank temperature using the
temperature sensors described in section 4.5
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m!nur,e until the maximurn mean stor-
temperature is achleved. The
\;gr ‘heater may be operated through up
“fhree successive cycles of drawing 10 gal-
.,f-&ﬁ per draw, permitting recovery between
ﬁ:h _draw, prior to the start of the test.
£oord at this time (designated as ,=0), the
“,.>etn tank temperature (T,). and the oil.
-and electrical energy measurements as
S¥ppropriate. Begin the 24 hour simulated
;7ms4 test by drawing an amount of water out
Zf'the water heater equivalent to one-sixth
xaftthe dally hot water usage. 64.3 gallons.
‘{Hecord the average storage tank and ambi-
“2gnt temperature every 15 minutes through-
rout the 24 hour simulated use test uniess re-
_.povery or a draw is occurring. At elapsed
«“3ime intervals of one. two. three, four and
- *ifiye hours from .=0). initiate additional
‘grews removing an amount of water equiva-
“ient to one-sixth of 64.3 gallons. with the
imeximum sliowable deviation {or any single
:draw being =0.5 gallons. The quantity of
=waler drawn during the sixth draw shall be
.7 increased or decreased as necessary such
“«’ths: the total volume of water withdrawn
‘¥ ghsll be equal to 64.3=1.0 gallons.
All draws during the simulated use test
- gre to be made a. {low rates of 3.0=3.0 gal-
lons per minute. Measurements of the inlet
snd outlet temperatures shall be made be-
»“=ginning 15 seconds after the draw is inittat-
-z ed and at every subsequent 5 second interval
I throughout the duration of each draw. The
£~ grithmetic mean of the hot water discharge
- 1% temperature and the cold water inlet tem-
")::perazurn shall be determined for each draw.
Record the scale or meter reading. as appro-
< priate, after each draw. At the end of the re-
- covery period following the first draw.
. -¥ precord the maximum mean tank tempera-
"_ ture observed after cut-out, Ta.,.. and the
"‘ _energy consumed. @, for oil, gas, and heat
- pump water heaters including auxiliary
“‘ energy such as pilot lights, pumps. fans. etc.
3™ For heat pump water heaters Q,. is the sum
~of the energy consumed by the heat pump
.~ and the electrical heating elements(s).
T At the end of the recovery period follow-
~ {ng the sixth draw. record the total electric
and/or fuel energy consumption. Q,.. and
the scale reading or the meter reading. as
appropriate. If a water scale is used. deter-
mine the net weight of the water with-
drawn., Mnpe in pounds. Record the maxi-
mum value of the mean tank temperature
- after cutout as T... Except as noted below.
allow the water heater to remain in the
standby mode until 24 hours have elapsed
S TZf from the start of the test. ,=0. Prevent the
.55 water heater from beginning a recovery
;:?‘ cycle during the last hour of the test by
#= turning of{ the electric power (0 the electri-
. % eal hesating elements and heat pump, If
*_- present, or by turning down the fuel supply
<& 15 the main burner at an elapsed time of 23
hours. If a recovery is taking place at an

)
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elapsed time of 23 hours. wait until the re-
covery is complete before reducing the elec-
trical and/or f{uel supply to the water
heater. At 24 hours, record the mean tank
temperature, T;. and the electric and/or
fuel instrument readings. Determine the
total energy consumption during the entire
24 hour simulated use test, Q. Record the
time interval between the time at which the
maximum mean tank temperature is ob-
served after the sixth draw and the end of
the 24 hour test as ..,,., Record the time
during which water was not being with-
drawn from the water heater during the
entire 24 hqut period as s y,.2.

5.2 Instantaneous Walter Healers

5.2.1. Setting the Qutlet Discharge Temper-
ature. Initiate normal operation of the
water heater at the full input rating. Moni-
tor the discharge water temperature and set
to a value of 135°F = 5°F in accordance with
the manufacturer's instructions. If the
water heater is not capable of providing 3.00
=+ 0.25 gallons per minute then adjust the
flow rate as necessary to achieve the speci-
fied discharge water temperature. Record
the corresponding [low rate as V... If the
instantaneous water heater incorporates a
controlier which permits continous burner
operation at a reduced input rate, adjust the
flow rate as necessary to achieve a discharge
water temperature of 135° = 5'F while
maintaining the minimum input rate.
Record the corresponding flow rate, V... If
an outlet temperature of 135° = 5°F cannot
be achieved at the minimum allowable flow
rate permitted by the instantaneous water
heater. record the flow rate as V., and the
outlet temperature as T,,..

5.2.2. Power Inpu! Determination. For oil
and gas flow actuated water heaters. adjust
the burners to the maximum firing rate
value specified by the manufacturer.

5.2.3. First Hour Rating Test for Instanta-
neous Water Heaters. Establish normal
heater operation at the maximum input
rate with the discharge water temperature
set in accordance with section 5.2.1. Record
the time. oil. and/or gas meters as appropri-
ate. Do not interrupt electrical or fuel to
the water heater. Draw and collect water
withdrawn from the water heater, while re-
cording the inlet and outlet fluid tempera-
tures beginning 15 seconds after the draw is
initiated and at every subsequent 5 second
interval throughout the duration of the
draw in a suitable container for the purpose
of determining its weight at the conclusion
of the test. Alternatively. a water meter
may be used to directly measure the vaiue
of water withdrawn. At the end of one hour
terminate the draw. Determine the mass of
water withdrawn. Mpnw. In pounds. or the
volume of water withdrawn, Ve in gallons
with an error no greater than 2 percent.
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5.2.4. 24 Hour Simulated Use Test

5.2.4.1. Fired Input Instantameous Water
Heaters. Establish normal operation with
the discharge water temperature and f{low
rate set to values of 135°F = 5°F and V...
respectively. Record the oil. gas, and electri-
ca! energy measurements. as sppropriate.
Begin the 24 hour simulated use test by
drawing an amount of water out of the
water heater equivalent to one-sixth of the
daily not water usage. 64.3 gallons. At
elapsed time intervals of one, two., three,
four. and five hours from r=0, initiate acidi-
tional draws removing an amount of water
equivalent to one-sixth of 64.3 gallons, with
the maximum allowable deviation for any
single draw being = 0.5 gallons. The quanti-
ty of water drawn during the sixth draw
shall be increased or decreased as necessary
such that the total volume of water with-
drawn shall be equal to 64.3+1.0 gallons.
Measurements of the inlet and outlet water
temperatures shall be made beginning 15
seconds after the draw is initiated and at
every 5 second interval throughout the du-
ration of the draw. The arithmetic mean of
the hot water discharge temperature and
the cold water inlet temperature shall be de-
termined for each draw. Record the scale or
meter reading. as appropriate. after each
draw. At the end of the recovery period [ol-
lowing the f{irst draw, record the energy
consumed. Q,. Allow the water heater to
remain in the standby mode until exactly 24
hours have elapsed from the start of the
test. r=0. At 24 hours, record the electric
and/or fuel instrument readings. Determine
the energy consumption during the entire
24 hour simulated use test. Q.

5.2.4.2. Vamrable Input Insfentaneous
Water Hecters. If the instantaneous water
heater incorporates a controller which per-
mits continuous burner operation at a re-
duced input rate. the first three draws shall
be conducted using the maximum {low rate,
Vmeee While removing an amount of water
equivalent to one-sixth of 64.3 gallons, with
the maximum allowable deviation for any
one of the three draws being = 0.5 gallons.
The second three draws shall be conducted
at V... If an outlet temperature of 135" =
5°F could not be achieved at the minimum
flow rate permitted by the instantaneous
water heater. the last three draws should be
lengthened such that the volume removed is
equivalent to

64.3 T7°F
Vise « B e —
T

6 min—38"F

with the maximun allowable definition for
any one of the three draws being = 0.5 gal-
lons. The quantity ol water drawn during
the sixth draw shall be increased or de-
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creased as necessary such that the total
volume of water withdrawn shall be equal to
32.15 + 3°V.s«=1.0 gallons. Measurements
of the inlet and outlet water temperatures
shall be made beginning 15 seconds after
the draw is initiated and at every 5 second
interval throughout the duration of the
draw. Determine the arithmetic mean of the
hot water discharge temperature and the
cold water inlet temperature for each draw.
Record the scale or meter reading. as appro-
priate, after each draw. At the end of the re-
covery period following the first draw,
record .the energy consumption, Q, ...
Record /the energy consumed prior to the
fourth draw and at the end of the recovery
period following the fourth draw, Q,. ...

Allow the water heater to remain in the
standby mode until exactly 24 hours have
elapsed from the start of the test, r=0. At
24 hours, record the electric and/or fuel in-
strument readings. Determine the energy
consumption during the entire 24 hours sim-
ulated use test, Q.

6. Compultations

6.1 Storage Tank Waler Heaters.

6.1.1. Storage Tank Capacity. The storage
tank capacity is computed using the follow-
ing—

V,,=(W{—W|)/P
where V, is the storage capacity of the
water heater, gallons

W, is the weight of the storage tank com-
pletely filled with water, 1bm

W, is the tare weight of the empty storage
tank, 1lbm

p is the density of water at the appropriate
temperature, lbm/gal.

6.1.2. First Hour Rating Computation. Com-
pute the {irst hour rating as

60 n MJT..,-T.0»
Fhr= — 2
Tow 1=1 p(135°F—58'F)

Which may be expressed as

60 n M(T.. =Tw0

Fp= —

Tame I=1

p(TT°P)

where M, represents the mass removed
during the ith draw of the first hour
rating test, lbm

T...  is the average delivery temperature for
the ith draw which occurred during the
first hour rating test, °F
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Ter Tepresents the elasped time recorded
during the first hour rating test. min-
utes
Ta. Is the average inlet temperature for the
ith draw which occurred during the first
hour rating test. ‘F
p represents the density of water at the av-
erage delivery temperature, Ibm/gal
and n represents the number of draws
which occur during the test If a water
meter is used in lieu of a secale, the first
hour rating is

60 n
Fo=__ 3
i=1

Vil Teas -Tui

TP

Tonr

S where V, represents the volume removed
= during the ith draw of the first hour
rating test, gal
6.1.3 Recovery Efficiency. The recovery ef-
ficiency for gas. oil. and heat pump storage
type water heaters is computed as

n M.Coi(Teuii = Tun)
- 1"'2 _—
Q.

~

B “~

a
3

VipCot( Treen =T
Q.

where M, is the mass withdrawn during the
first draw, lbm

C,: is the specific heat of water at the aver-
age temperature (T,,... +Tui)/2, btu/lbm
‘P

T is the average delivery temperature for
the first draw, *F

Tw. is the average inlet temperature for the
first draw. °F

V. is the storage tank capacity, gal

p is the density of water at the average tem-
perature (Ta...:+T,)/2. lbm/gal

C,: is the specific heat of water at the aver-
age temperature (T.,..+7T.)/2. Btu/lbm
3

Tee ' IS the maximum mean tank tempera-
ture recorded after cutout following the
first draw. °F

T, is the maximum mean tank temperature

{ recorded prior to the first draw, °F

and Q. is the total energy used by the water

v
HAM P

i g

(R0

i heater between cutout prior to the first
2 draw and cutout following the first
draw. including auxiliary energy such as
A pilot lights, pumps, fans, etc, Btu. (Elec-
3 trical auxiliary energy shall be convert-
E ed to thermal energy using the f{ollowing
4 conversion: 1kWh = 3412.76 Btu.)
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The recovery efficiency for electric water
heaters with immersed heating elements is
assumed to be 98 percent.

6.1.4. Hourly Standby Losses. The hourly
standby losses are computed as

MC, (T2 - T
Qv = |Quey - ——/mm Tewr.t
,,'

where Q,, is the hourly standby energy
losses of the water heater, Btu/hr
Qu» Is the total energy coosumer by the
water heater between the time at which
the maximum mean tank temperature is
" observed after the sixth draw and the
end of the 24 hour test period. Btu
M is the mass of the water within the stor-
age tank, lbm
C, is the specific heat of water at the aver-
age temperature (T;, + T,.)/2, Btu/lbm

T is the mean tank temperature at the end
of the 24 hour test period, “F

T.. is the maximum mean tank temperature
observed after the sixth draw, °F

and r,,,. is the elapsed time between the
time at which the maximum mean tank
temperature is observed after the sixth
draw and the end of the 24 hour test
period. hours

The standby heat loss coeflicient for the
tank is computed as—

Qwr

Thu.v - T-.v

UA =

where T, .., is the average storage tank tem-
perature between the time at which the
maximum mean tank temperature is ob-
served after the sixth draw and the end
of the 24 hour test period, °F

T..» iS the average ambient temperature
between the time at which the maxi-
mum mean tank temperature is ob-
served after the sixth draw and the end
of the 24 hour test period. “F

and UA is the standby heat loss coefficient
of the storage tank,

BTU
hr °F
6.1.5. Daily Water Heating Energy Con-

sumption. The daily water heating energy
consumption, Q, {s computed as
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C,M(Tyw = T,
Q=Q - —mm
Ny

where Q is the total energy used by the
water heater during the 24 hours simu-
lated use test including auxiliary energy
such as pilot lights, pumps, fans etc.,
Btu

C, is the specific heat of water at the aver-
age temperature (T..+T,)/2. Btu/Tbm P

M is the mass of water within the storge
tank. lbm

T is the average tank temperature at the
conciusion of the 24 hours simulated use
test. °F

T. is the average tank temperature at the
beginning of the 24 hours simulated use
test, recorded one minute before the
first draw is initiated ‘F

and 7, is the recovery efficiency of the hot
water heater, dimensionless.

8.1.6. Adjusted Daily Water Heating
Energy Consumption The adjusted daily
water heating energy consumption. Qg
takes into account that the temperature dif-
ference between the storage tank and sur-
rounding ambient temperature may not be
the nominal value of 67.5°F (135°F —~ 615°F)
due to the 10°F allowable variation in stor-
age tank temperature. 135 = $5°F., and the
5°F allowable variation in surrounding ambi-
ent temperature 65°F to 70°F. The adjusted
daily water heating energy consumption is
computed as

Qu”Qq—

Ul vor =T ] —(135°F —67.5F)IU AT s

where Q.. is the adjusted daily water heat-
ing consumption. Btu

Tuw is the mean tank temperature during
the total standby portion. re...: of the
24 hour test. °F

T..w is the average ambient temperature
during the total standby portion, rem.:.
of the 24 hour test. °F

UA is the standby heat loss coe{ficient for
the storage tank, Btu/hr'F

and r,.,.: is the number of hours during the
24 hour simulated test when water was
not being withdrawn from the water
heater

A modification is also needed to take into
account that the temperature difference be-
tween the outlet water temperature and
supply water temperature may not be equiv-
alent to the nominal value of TT°F
(135°F-58°'F). The (following equations
adjust the experimental data to a nominai
T7°F temperature rise.

The energy used to heat water, Btu per
day. may be computed as—
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8 M|cﬂ(T‘0‘-l-Th.l)
Que = 3

i=1 L

where M, is the mass withdrawn for the ith
draw (i=1 to 6). Ilbm
C.. is the specific heat of water, Btu/lbm °F
The energy required to heat the same
quantity of water over a 77 °F temperature
rise, Btu per day, is

\

' 6§ MC.(135F-58°F)

qu, 1= Z

i=1 n

The difference between these two values

QH'D ’quﬁ"‘Qu'
which must be added tq the adjusted daily
water heating energy consumption value.
Thus, the daily energy|consumption value
which takes into account that the tempera-
ture difference between the storage tank
and ambient temperatune may not be 67.5'F
and the temperature rise across the storage
tank may not be 77°F is—+

Qum = Qe + Quwo

6.1.7. Energy Factor. The energy factor.
E.. is computed as—

6 MC,(135°F-58"F)

f=1 Qem

where Q.. is the modified dally water heat-
ing energy consumption as computed in
accordance with Section 6.1.6, Btu

6.1.8. Annual Energy Consumption

The annual energy consumption for stor-

age type and heat pump water heaters is
computed as—

Einova = Qem*365

where Q.. is the modified daily energy con-
sumption value, Btu|per day and 365 is
the number of days within a year, days

6.2. Instantaneous Hqt Water Heaters.

6.2.1. First Hour R
Compute the first hour

ing Computation.
ting as
M(Td-Tw

Fo #a ——r——
p(135°F-58°F)
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which may be expressed as—

M(To =T
pTITF)

where M represents the mass removed
during the one hour continuous draw,
lbm

T is the average delivery temperature, ‘F

Ta is the average iniet temperature, °P

and p represents the density of water at the
average delivery temperature, Ibm/gal

If a water meter is used in lieu of a scale
the {irst hour rating is computed as—

V(Tai~Tw
17T°F

Fo =

where V represents the volume of water re-
moved during the one hour continuous
draw, gal

6.2.2. Recovery Efficiency

6.2.2.1. Fired Input Instantaneous Water
Heaters. The recovery efficiency is comput-
ed as

M|C.|(T..|.1 - T..A)
n = T
Q.
where M, is the mass withdrawn during the
first draw, lbm
C.: is the specific heat of water at the aver-
age temperature (T,,.+7T..)/2. Btu/
lbm*F
T..1 is the average delivery temperature for
the first draw. °F
T.. is the average inlet temperature for the
first draw, ‘F
and Q, is the total energy used by the water
heater between cutout prior to the first
draw and cutout f{ollowing the first
draw, including auxiliary energy such as
pilot lights, pumps. fans, etc., Btu

6.2.2.2. Variable Input Instantaneous Water
Heaters

For instantaneous water heaters which
have a variable firing rate, two recovery ef-
ficiency values are computed. one at the
maximum input rate and one at the mini-
mum input rate. The recovery efficiency
used in subsequent computations is taken as
the average of these two values. The maxi-
mum recovery efficiency is computed as
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MvC,-(T‘.I.x ~Tut)
Qo.mer

Ne.mas =

where M, is the mass withdrawn during the
first draw, lbm ’

C,: is the specific heat of water at the aver-
age temperature (T,.i+Tw.)/2. Btu/
lbm °F

Teos is the average delivery temperature for
the first draw, °F

T.. Is the average inlet temperature for the
first draw, °F

and Q,_.‘vr is the total energy used by the
water heater between cutout prior to
the first draw and cutout following the
first draw, including auxiliary energy
such as pilot light, Btu

The minimum recovery efficiency is com-
puted as—

M.Cou(T =T,
Qs

Nr.omia =

where M, is the mass withdrawn during the
fourth draw, lbm

C,« is the specific heat of water, Btu/lbm °F

Teots Is the average delivery temperature for
the fourth draw, °'F

T... is the average inlet temperature for the
first draw, °F

and Q... is the total energy consumed im-
mediately prior to the fourth draw and
cutout following the fourth draw, in-
cluding auxillary energy such as pilot
lights, Btu

. The recovery efficiency is computed as—

Ne.mer + Nr.min
2

6.2.3. Daily Water Heating Energy Con-
sumption. The daily water heating energy
consumption. Q, is computed as—

Q¢=Q
where Q is the energy used by the flow ac-

tuated water heater during the 24 hour
simulated use test

A modification is needed to take into ac-
count that the temperature difference be-
tween the outlet water temperature and
supply water temperature may not be equiv-
alent to the nominal value of 77 *F (135
‘F-58 °F). The following equations adjust
the experimental data to a nominal 717 ‘F
temperature rise.

The energy used to heat water may be
computed as—




ITEM 8.
Z21/CGA Joint Water Heater
Subcommittee Meeting,
September 23-24, 1993

RECOMMENDATIONS FROM GAMA REGARDING
DEVELOPMENT OF "CATEGORY DETERMINATION"
COVERAGE FOR WATER HEATER STANDARDS

Action Requested

Consider adopting for distribution for review and comment suggested revisions to the
water heater and pool heater standards addressing "Categorization" and other related
coverage.

History

At its November 13-14, 1991 meeting, the Z21 water heater subcommittee was informed
by the American Gas Association Laboratories (AGAL) that the AGAL had certified gas
water heaters which produce condensation in the flue gases as part of normal operation.
The AGAL reported that it had conducted additional tests to certify such appliances to
the requirements of ANSI Z21.10.3. The additional tests were similar to those specified
in the Z21 boiler standard, ANSI Z21.13 (e.g, "condensate disposal systems"). In light of
this, the AGAL provided the subcommittee with suggested coverage to address such
appliances, similar to coverage in the Z21.13 boiler standard.

After discussion, the subcommittee endorsed the concept of developing "Categorization"
coverage for the water heater standards. The subcommittee agreed to have the
appropriate GAMA technical committee develop such coverage for the subcommittee's
consideration at its next meeting.

In addition, at its November 1991 meeting, the subcommittee reviewed proposed
revisions to Z21.10.1, Z21.10.3, and Z21.56, in light of comments received. Some of the
proposals (dated June 1991) addressed (1) water heaters/pool heaters operating under
forced or induced draft venting systems, and (2) fan-assisted water heaters/pool heaters,
installed indoors and vented horizontally through an outside wall. In addition, the
subcommittee reviewed comments in response to the June 1991 revisions to 2.29.2, under
2.29, Wind Test, which proposed the following sentence be added:

“If the water heater is designed to prevent the main burner from operating under this
wind condition {40 mph], the wind shall be reduced to the highest value that will ‘
allow the main burner to operate. by SLEARETD: A4 / /% / C/‘ﬁ‘/
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After discussion, the subcommittee agreed not to recommend the above noted proposals
to the Z21 Committee. Instead, the subcommittee recommended that the GAMA Water
Heater Division's Technical Committee review these proposals during its development of
draft "Categorization" coverage for the water heater standards. Moreover, the
subcommittee requested GAMA to include in its consideration all comments and record
of discussion on the above proposals from the subcommittee's November 1991 meeting.
The subcommittee then recommended the remaining June 1991 proposals to the Z21
Committee. ¥

At its September 21-22, 1993 meeting, Mr. Frank Stanonik (GAMA) reported that
suggested coverage on this subject was not available, since the Technical Committee of
GAMA's Water Heater Division had not yet completed its assignment. He noted that
the technical committee had discussed the "Categorization" task and had identified some
issues relative to applying the current central furnace/boiler criteria to water heaters.
One issue identified was that the current criteria is based on a "70 percent flue loss test."
This raises the issue of whether such a flue loss test should be adopted applicable to
water heaters.

Mr. Stanonik commented that the GAMA technical committee needed to address the
issues involved with applying the existing criteria to water heaters, before drafting and
recommending suggested coverage to the subcommittee.

In addition, Mr. Stanonik noted that the "Categorization" assignment impacts the
completion of the other tasks noted above, referred to the technical committee by the
subcommittee at its November 1991 meeting. After review, the subcommittee tabled this
subject pending recommendations from the GAMA Water Heater Division's Technical
Committee.

Background

It is anticipated that a report from the GAMA technical committee on the above
subjects will be made available at this meeting.

June 1991 Proposals Held in Abeyance

Attached are proposed revisions to Z21.10.1, which were dated 1991 and were held in
abeyance at the subcommittee's November 1991 meeting. Similar proposals to the
Z21.10.3 and Z21.56 standards were also held in abeyance at that time, pending further
consideration and recommendations from the GAMA technical committee.
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Attachment
Z21/CGA Joint Water Heater Subcommittee
Meeting, September 23-24, 1993

The following draft revisions were adopted for distribution for review and
comment by the Subcommittee on Standards for Gas Water Heaters at its June 19,
1990 meeting, and were held in abeyance at the subcommittee’s November 13-14,
1991 meeting. These revisions were based on the Standard for Gas Water
Heaters, Volume I, Storage Water Heaters With Input Ratings of 75,000 Btu Per
Hour or Less, ANSI 2Z21.10.1-1990, and Addenda, Z21.10.1a-1991, and 221.10.1b-
1992. The revisions were held in abeyance based on comments received and the
discussions recorded under the minutes of the November 1991 meeting. These
revisions were referred to the GAMA Water Heater Division’s Technical
Committee for further consideration and recommendations.

Additions and changes are “redlined” (B and "strike-out” is used to show

deletions (e.g., prepeseé—deletien).

PART I

CONSTRUCTION

1.2 GENERAL CONSTRUCTION AND ASSEMBLY

(Present 1.2.24 through 1.2.27 become 1.2.25 through 1.2.28 respectively,
unchanged. )

RATIONALE: Construction and performance coverage is proposed to address
water heaters that horizontally vent the flue gases through an
outside wall. The proposals correlate with proposed and existing
coverage in the Z21 central furnace standard (ANSI 221.47).

1.31 INSTRUCTIONS

(8-3)




RATIONALE: See "Rationale” following 1.2.24.

1.32 MARKING

(Present 1.32.35 through 1.32.43 become 1.32.34 through 1.32.42
respectively, unchanged.)

RATIONALE: See "Rationale” following 1.2.24.

PART II
PERFORMANCE

2.1 GENERAL
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